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RUGHU WR DGG LQWHOOLJHQW IHDWXUH WR SRZHU JULGV 0DQ\ SDSHUV










PLJKW QRW EH DFFXUDWH DQG D FRPSUHKHQVLYH DVVHVVPHQW LV
UHTXLUHG 7KH SURSRVHG PXOWLSHUVSHFWLYH IUDPHZRUN WDNHV DOO
WKHFULWHULDWKDWZRXOGDIIHFWWKHDVVHVVPHQWRIFORXGFRPSXWLQJ
DQG SXW WKHP LQWR RUJDQL]DWLRQDO WHFKQLFDO HFRQRPLFDO VRFLDO
DQGSROLWLFDOFDWHJRULHV7KLVIUDPHZRUNZRXOGJXLGHSOD\HUVLQ





VW FHQWXU\ GHPDQGV UHOLDEOH SRZHU QHWZRUNV
(QYLURQPHQWDOHFRQRPLFDODQGSROLWLFDOGULYHUVZRXOGIRUFH
HOHFWULFLW\UHVRXUFHVWRZDUGVXVWDLQDEOHDQGFOHDQHURQHVVXFK
DV UHQHZDEOH HQHUJ\ GHPDQG VLGH UHVRXUFHV DQG LQFUHDVHG
RSHUDWLRQDO HIILFLHQF\ 7KRXJK WKHVH FKDQJHV PDNH LW KDUGHU
WRPDLQWDLQUHOLDELOLW\LQWHJUDWLRQRI,QIRUPDWLRQ7HFKQRORJ\
DQG &RPPXQLFDWLRQV 7HFKQRORJ\ LQWR WKH SRZHU V\VWHPV
ZRXOG UDLVH DZDUHQHVV DERXW UHDOWLPH VWDWXV RI WKH V\VWHP
DQGFRPELQLQJWKLVDZDUHQHVVZLWKVXLWDEOHFRXUVHRIDFWLRQV
ZRXOGUHVXOWLQVPDUWDQGUHOLDEOHJULGV7KHUHIRUHVPDUWJULGV
FRQVXPHELJ UHDOWLPHGDWD DQG UHTXLUHSRZHUIXOSURFHVVLQJ
SRZHUWRUHFRJQL]HWKHULJKWFRXUVHRIDFWLRQV7KH,7V\VWHP
LVWKHLQWHOOLJHQWSDUWRIVPDUWJULGVVRWKHSDWKWRZDUGVPDUW
JULGV ZRXOG JR WKURXJK SHUYDVLYH DGRSWLRQ RI ,7 V\VWHPV
7KRXJK LQIXVLRQ RI ,7 V\VWHP LV WKH EHJLQQLQJ VWHS VPDUW
JULGVZLOOKDSSHQWKURXJKGLIIXVLRQRI,7V\VWHPV6PDUWJULGV
,7 V\VWHP LQIXVLRQ DQGGLIIXVLRQ LVVXHV DUH GLVFXVVHG LQ >@
'LVFXVVHGLQIXVLRQLVVXHVDUH1RWKDYLQJFOHDUO\GHILQHGHQG
VWDWH 7KH KLJK FRVW RI LPSOHPHQWDWLRQ 1RQFRQYHQWLRQDO RU
ODUJH FDSLWDO SURMHFWV VLJQLILFDQW OHDG WLPH 7KH LQFUHPHQWDO
DQG HYROYLQJ QDWXUH RI DSSOLFDWLRQV>@ DQG GLIIXVLRQ LVVXHV
DUH  7KH PDQ\ OHJDF\ EXVLQHVV IXQFWLRQV DQG V\VWHP WKH\
WRXFK$UROORXWZLWKPLQLPXPLPSDFWRQH[LVWLQJRSHUDWLRQV
7KH UHTXLUHG GDWD LQWHUIDFHV ZLWK H[WHUQDO DQG WKLUG SDUW\
V\VWHPV7KHLQFUHPHQWDODQGHYROYLQJQDWXUHRIDSSOLFDWLRQV
>@
1RZDGD\V &ORXG FRPSXWLQJ WUDFH FRXOG EH GHWHFWHG
HYHU\ZKHUH :LWK UHJDUGV WR UHTXLUHPHQWV DQG SUREOHPV RI
LPSOHPHQWLQJ,7V\VWHPIRUVPDUWJULGVPDQ\OLWHUDWXUHILQG
RQGHPDQG FRVW HIILFLHQW DQG VFDODEOH FORXG VROXWLRQ
SURPLVLQJWRDFFHOHUDWHWKLVLPSOHPHQWDWLRQ7KRXJKVRPDQ\
OLWHUDWXUH VWXGLHG WKH DGYDQWDJHV DQG GLVDGYDQWDJHV RI FORXG
FRPSXWLQJ IRUVPDUWJULGDSSOLFDWLRQV >@>@>@ DUFKLWHFWXUHV
>@>@ DQG VHFXULW\ DQG SULYDF\ LVVXHV>@>@ WKHUH LV QR
KROLVWLFYLHZWRDLGGHFLVLRQPDNLQJDQGLQWHURSHUDEOHGHVLJQ
SURFHVV 7KLV SDSHU WULHV WR VWXG\ WKH DGRSWLRQ RI FORXG
FRPSXWLQJ IRU VPDUW JULG DSSOLFDWLRQV IURP GLIIHUHQW
SHUVSHFWLYH WR JLYH EURDGHU LQVLJKW WR LPSURYH GHFLVLRQ DQG
GHVLJQTXDOLW\
7KH UHVW RI WKH SDSHU RUJDQL]HG DV IROORZ /LWHUDWXUH
UHYLHZ RQ FORXGEDVHG ,7 V\VWHP IRU VPDUW JULGV KDV EHHQ
GRQH LQ VHFWLRQ ,, 6HFWLRQ ,,, VWDWHV WKH SUREOHPV ZLWK
SUHYLRXV DSSURDFK 6HFWLRQ ,9 H[SODLQV PHWKRGRORJ\ $
FRPSUHKHQVLYHPXOWLSHUVSHFWLYHV IUDPHZRUN WRDVVHVVFORXG





A. Analyzing cloud computing for smart grid 
7KHUH DUH VHYHUDO DWWHPSWV WR DQDO\]H FDSDELOLW\
FKDOOHQJHV DQG XVDELOLW\ RI FORXG FRPSXWLQJ IRU WKH VPDUW
JULG 6HFXULW\ DQG SULYDF\ LVVXHV LQ D 6PDUW *ULGV VRIWZDUH
DUFKLWHFWXUH RSHUDWLQJ RQ GLIIHUHQW &ORXG HQYLURQPHQWV DUH
DQDO\]HGLQ>@WKHDGYDQWDJHVRIFORXGFRPSXWLQJIRU,QGLD
V
VPDUW JULG DUH LQWURGXFHG LQ >@ WKH IHDVLELOLW\ RI XWLOL]LQJ
FORXG FRPSXWLQJ IRU VPDUW JULGV LV DQDO\]HG LQ >@  WKH
WHFKQLFDODQGHFRQRPLFDODGYDQWDJHVRIXVLQJ&&IRU6*DUH
DQDO\]HG LQ >@ FORXG FRPSXWLQJ WHFKQLTXHV IRU VPDUW JULG
GHVLJQ DUH HYDOXDWHG LQ >@ FORXG FRPSXWLQJ DV D VHUYLFH
PRGHO IRU VPDUWJULGVXVDJH LVGLVFXVVHG LQ >@ WKHFXUUHQW
UHVHDUFK SUREOHPV LQ WKH DUHDV RI FORXGEDVHG HQHUJ\
PDQDJHPHQW LQIRUPDWLRQPDQDJHPHQWDQGVHFXULW\ LQVPDUW
JULG DUH LGHQWLILHG LQ >@ FORXG FRPSXWLQJRSSRUWXQLWLHV DQG
FKDOOHQJHVIRUVPDUWJULGDSSOLFDWLRQVIURPWHFKQLFDOVHFXULW\
DQGFRPSDWLELOLW\SHUVSHFWLYHVDUHGHVFULEHGLQ>@7DEOH
VXPPDUL]HV VWUHQJWK DQG ZHDNQHVV RI FORXG FRPSXWLQJ
PHQWLRQHGLQOLWHUDWXUH6RPHRIWKHIHDWXUHVDUHOLVWHGERWKDV
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B. Cloud computing capability enhancement for smart grid  
6HFXULW\ LV RQH RI FORXG FRPSXWLQJ IHDWXUHV WKDW ORRNHG
GLIIHUHQWO\ LQ WKH VPDUW JULG DUHD 'XH WR ODFN RI ,7 V\VWHP
H[SHUWLVH LQ WKH SRZHU LQGXVWU\ LQ >@ WKH DUFKLWHFWXUH RI
HOHFWULF SRZHU LQIRUPDWLRQ VHFXULW\ LV SURSRVHG EDVHG RQ
FORXGVHFXULW\DVDVHUYLFH7KRXJKVHFXULW\RIIHUHGE\FORXG
FRPSXWLQJ YHQGRUV >@ DQG  WKHLU GHFHQF\ IURP GLIIHUHQW
XWLOLWLHV




JXDUDQWHH WKH GDWD VWRUDJH VHFXULW\ LQ FORXG FRPSXWLQJ IRU
,QGLD
V6PDUW*ULG>@IRFXVHGRQWKHSRWHQWLDOVHFXULW\ULVNV
LQ SRZHU FORXG FRQVWUXFWLRQ DQG UHODWHG VHFXULW\ SURWHFWLRQ
WHFKQRORJLHV IRU SRZHU FORXG >@ SURSRVHG DQ DUFKLWHFWXUH
IRUGDWD VWRUDJH LQ WKH RSHQ VRXUFH FORXGSODWIRUP IRU VPDUW
JULGDSSOLFDWLRQVDQGWHVWSHUIRUPDQFHLQ2SHQVWDFNFORXG>@
SURSRVHG VHDUFKDEOH HQFU\SWLRQ VFKHPH WR VHFXUH VHQVLWLYH
FORXGLQJ GDWD RI HOHFWULF SRZHU V\VWHPV DQG >@ SURSRVHG
WUXVWZRUWK\ FORXGV FORXGVZLWK HQKDQFHG UHVLVWDQF\ SULYDF\
DQG WROHUDQFH DJDLQVW LQWHUQDO DQG H[WHUQDO LVVXHV  IRU VPDUW
JULGV XVDJH %HVLGHV VHFXULW\ SHUIRUPDQFH RI FORXG
FRPSXWLQJ DQG LWV UHDGLQHVV IRU VPDUW JULG XVH >@ VKRZHG
KRZ WR HQKDQFH EDVLF FORXG SODWIRUP RSWLRQV ZLWK
VRSKLVWLFDWHG WHFKQRORJ\ WR DFKLHYH WKH UHTXLUHG OHYHOV RI
XVDELOLW\IDXOWWROHUDQFHDQGSDUDOOHOLVP

C. Cloud-based smart grids architecture 
7KH,7V\VWHPLVDQHVVHQWLDOLQIUDVWUXFWXUHIRUVPDUWJULG
DQG WKH IROORZLQJ UHVHDUFK WULHG WR SURYLGH DUFKLWHFWXUH WR
EXLOGVPDUWJULGRQFORXGFRPSXWLQJ²RQGHPDQG,7V\VWHP
>@ SURSRVHG DUFKLWHFWXUH RI LQWHOOLJHQW FORXG IRU HOHFWULF
SRZHU V\VWHPV >@ SURSRVHG D SULYDWH FORXG FRPSXWLQJ






D. Cloud-based smart grids applications  
2XUOLWHUDWXUHUHYLHZVKRZVWKDWPRVWUHVHDUFKHPSKDVL]H
RQ GHVLJQLQJ VPDUW JULG DSSOLFDWLRQV EDVHG RQ FORXG
FRPSXWLQJRUSUDFWLFDOH[SHULHQFHZLWKLPSOHPHQWLQJWKHPRQ
FORXG 7KH HIIRUWV RQ PRGHOLQJ FORXGEDVHG VPDUW JULG






SURSRVHG OD\HUHG PRGHO WR GR UHVRXUFH VFKHGXOLQJ DQG
V\QHUJLVWLFPDQDJHPHQWE\XVLQJ0RELOHDJHQWWREXLOGSRZHU
V\VWHPV FORXG FRPSXWLQJ SODWIRUP >@ SURSRVHG D FORXG












SURSRVHG FRQWURO PRGHO IRU PLFURJULGV ZLWK WKH KLHUDUFKLFDO
VWUXFWXUH EDVHG RQ FORXG FRPSXWLQJ DUFKLWHFWXUH >@
SURSRVHG FORXGEDVHG PXOWLDJHQW V\VWHP DV D GLVWULEXWHG
FRQWURODUFKLWHFWXUHIRU6PDUW0LFUR*ULGV
5HVHDUFK RQ GHPDQGVLGH PDQDJHPHQW V\VWHP PRGHOLQJ
DUH DV IROORZV >@ SUHVHQWHG UHTXLUHPHQWV IRU D XWLOLW\VLGH
,7LQIUDVWUXFWXUHWRSURFHVVLQFRPLQJVPDUWPHWHUGDWDVWUHDPV
DQGSURSRVHGFORXGLQIUDVWUXFWXUHWRDGGUHVVWKHUHTXLUHPHQWV
>@ FORXGEDVHG GHPDQG UHVSRQVH >@ DSSURDFK WR EXLOG
LQWHUIDFH EHWZHHQ LQGXVWULDO FRQVXPHU VPDUW JULG DQG FORXG
FRPSXWLQJ >@SURSRVHGFORXGEDVHGNQRZOHGJHV\VWHPIRU
HQG XVHUV WR PDQDJH HQHUJ\ FRQVXPSWLRQ >@ LQWURGXFHG
QHWERRN DGYDQFH PHWHULQJ LQIUDVWUXFWXUH 1HW$0, FORXG
EDVHG FRPPXQLFDWLRQ DQG RSWLPL]DWLRQ LQIUDVWUXFWXUH WR











IRU GLIIHUHQW EXVLQHVVHV DUH LQWURGXFHG DV QRQXSIURQW
LQYHVWPHQW ORZHULQJ RSHUDWLQJ FRVW KLJKO\ VFDODEOH HDV\
DFFHVVDQGUHGXFLQJEXVLQHVVULVNVDQGPDLQWHQDQFHH[SHQVHV
>@ LQ FORXG FRPSXWLQJ OLWHUDWXUH+RZHYHUZLWK UHVSHFW WR
WDEOH  WKH IHDWXUHV HPSKDVL]HG DV DGYDQWDJHV RI FORXG
FRPSXWLQJLQVPDUWJULGGRPDLQDUHSURFHVVLQJSRZHUVWRUDJH
FDSDELOLW\ VFDODELOLW\ IOH[LELOLW\ FRVW HIILFLHQF\ UHDOWLPH





IRUFH WKHP RXW RI WKH DGYDQWDJHV ]RQH DQG LQWR WKH




H[SHUWLVH OHYHO RI XWLOLWLHV ZLWK ,7 V\VWHP DQG VPDUW JULGV
YXOQHUDELOLW\ DUH QHHGHG WREH FRQVLGHUHG DORQJ 6PDUW JULGV
DUHKLJKO\GHSHQGHQWRQLQIRUPDWLRQWUDQVPLVVLRQWRPRQLWRU
FRQWURO DQG FRRUGLQDWH SRZHU V\VWHP WKURXJK JDWKHULQJ GDWD
DQGVHQGLQJFRUUHFWVLJQDOV'LIIHUHQWGHYLFHVVXFKDVVHQVRUV
VPDUW PHWHUV DQG VR RQ ZRXOG EH LPSOHPHQWHG WR GR WKHVH
LQIRUPDWLRQ JDWKHULQJ DQG WUDQVPLVVLRQ DUH FRQVLGHUHG DV
YXOQHUDEOH WDUJHWV IRU F\EHU DWWDFNV >@ >@ >@  7KUHH
FRPPRQLQIRUPDWLRQDWWDFNVLQVPDUWJULGVDUHDVIROORZV
 $YDLODELOLW\ PDNH UHVRXUFHV XQDYDLODEOH E\ KLQGHULQJ
LQIRUPDWLRQWUDQVPLVVLRQ>@>@
 ,QWHJULW\ GHOLEHUDWHO\ PDQLSXODWLQJ GDWD WR PLVOHDG
XWLOLWLHV
GHFLVLRQV>@>@>@>@




LVVXHVZLWKXWLOL]LQJFORXGFRPSXWLQJ LVZKHWKHU LW LQWURGXFH
QHZ LVVXHV RU H[DFHUEDWH WKH LVVXHV WKDW KDV DOUHDG\ EHHQ
GHWHFWHG LQ WKH VPDUW JULGV &ORXG FRPSXWLQJ VHFXULW\
FRQFHUQV DUH WKH ORVV DQG OHDN RI LQIRUPDWLRQ >@ 7KHVH
FRQFHUQV ZLWK FORXG FRPSXWLQJ VHFXULW\ DUH UDLVHG ZLWK
UHVSHFW WR VKDUHG DQG G\QDPLF UHVRXUFHV UHGXFHG XVHU
V
FRQWURORQGDWDVWRUDJHDPELJXLW\LQGHILQLWLRQRIVHFXULW\DQG
SULYDF\ RI VHUYLFHV E\ FORXG YHQGRUV >@ DQG ODFN RI GDWD
VHFXULW\ VWDQGDUGV >@ 7KRXJK PRUH LQ GHSWK VWXG\ LV
UHTXLUHG FORXG FRPSXWLQJ XWLOL]DWLRQ H[DFHUEDWHV SULYDF\
LVVXHVRIVPDUWJULG
3ULYDF\ DOVR FRXOG EH GHILQHG DV PLVXVH RI DXWKRUL]HG
LQIRUPDWLRQ UDWKHU WKDQ XQDXWKRUL]HG DFTXLVLWLRQ RI
LQIRUPDWLRQ0RUHGLIIHUHQWW\SHVRILQIRUPDWLRQJDWKHUHGDQG
VKDUHGLQSRZHUV\VWHPVLVEHWWHUIRUVPDUWJULGSXUSRVHVEXW
LW FRPHV ZLWK WKH FRVW RI MHRSDUGL]LQJ DJHQWV
 SULYDF\
*DWKHULQJ DQG VKDULQJ GHFHQW LQIRUPDWLRQ ZLWK SUHVHUYLQJ
SULYDF\ LV QRW DQ HDV\ WDVN LQ VPDUW JULG >@ )RU LQVWDQFH




2QH RI WKH IDFWRUV WKDW DIIHFW WKH OHYHO RI VHFXULW\ DQG
SULYDF\ LVVXHV LV WKH GHSOR\PHQW PRGHO RI FORXG 7KH













SXEOLF DQG K\EULG FORXG LV D WUDGHRII EHWZHHQ VHFXULW\ DQG
FRPSDWLELOLW\YVFRPSOH[LW\DQGFRVWHIILFLHQF\WKRXJKWKHVH
DUJXPHQWV DUH VXEMHFW WR FKDQJH XQGHU GLIIHUHQW VLWXDWLRQV
IURPWKLVVWXG\
VSRLQWRIYLHZ
$QRWKHU IDFWRU WKDW ZRXOG DIIHFW WKH DGYDQWDJHV DQG
GLVDGYDQWDJHV RI FORXG FRPSXWLQJ IRU VPDUW JULG LV FORXG
VHUYLFH PRGHO GLIIHUHQW W\SHV RI FORXG VHUYLFH PRGHO
GHVFULEHGDVIROORZV




GHSOR\ RU WHVW WKH DSSOLFDWLRQV ZLWKRXW DQ\ FRQWURO RYHU
LQIUDVWUXFWXUH
 6DDV6RIWZDUHDVDVHUYLFHUHDG\WRJRDSSOLFDWLRQVIURP





ZLWK WKH VHUYLFH PRGHO WKH FKRVHQ QHWZRUN WR WUDQVIHU GDWD
ZRXOGKDYHDQHIIHFWRQDQDO\VLV,QVRPHRIWKHOLWHUDWXUHWKH
LQWHUFRQQHFWLYLW\ RI FORXG FRPSXWLQJ LV PHQWLRQHG DV DQ
DGYDQWDJHIRUVPDUWJULGZKHUHSXEOLFLQWHUQHWLVFKRVHQDVDQ
LQXVH QHWZRUN 8VLQJ SXEOLF QHWZRUN ZRXOG H[SRVH VPDUW
JULG WR DOO WKH LQWHUQHW WKUHDWV VXFK DV PDOLFLRXV VRIWZDUH
GHQLDO RI VHUYLFH DQG HWF VLQFH FORXG YHQGRU KDV EHWWHU
NQRZOHGJH WRGHDOZLWK WKHVH WKUHDWV >@SURSRVHGDSRZHU
LQIRUPDWLRQDUFKLWHFWXUHEDVHGRQFORXGVHFXULW\
7KRXJKLQWHUFRQQHFWLYLW\LVFRQVLGHUHGDVDQDGYDQWDJHRI




)URP D SHUIRUPDQFH SHUVSHFWLYH WKH TXDOLW\ RI FORXG
VHUYLFHV UHTXLUHG E\ VPDUW JULG LV VWULFW &ORXG FRPSXWLQJ
UHTXLUHV WR SURYLGH UHDOWLPH UHVSRQVLYHQHVV JXDUDQWHHG
FRQVLVWHQF\ GDWD VHFXULW\ IDXOWWROHUDQFH DW WKH VDPH WLPH
2543
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>@ WR EH XVDEOH IRU VPDUW JULG DSSOLFDWLRQ 7KRXJK PDQ\
VWXGLHVGHVFULEHGWKHDGYDQWDJHVRIFORXGFRPSXWLQJYHU\IHZ
RIWKHPPHQWLRQHGWKHXVDELOLW\RIFORXGIRUVPDUWJULG
7KH ZKROH SRLQW RI WKLV VHFWLRQ LV WR VKRZ KRZ
GHWHUPLQLQJ DGYDQWDJHV DQG GLVDGYDQWDJHV RI FORXG
FRPSXWLQJ IURP VHOHFWLYH SRLQW RI YLHZV PLJKW QRW EH
FRPSOHWHO\ DFFXUDWH ,Q WKH QH[W VHFWLRQ D PXOWLSHUVSHFWLYH
IUDPHZRUNZLOOEHLQWURGXFHGWRJXLGHXWLOLWLHVZLWKGLIIHUHQW





$OZD\V VHYHUDO HOHPHQWV RU FULWHULD DUH FRQVLGHUHG WR
DVVHVV DQ\ WHFKQRORJ\ ±IRU VRPH PRGHOV SUHDFKLQJ WKLV
DSSURDFK VHH >@ DGYDQWDJH DQG GLVDGYDQWDJHV RI FORXG
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OLWHUDWXUH UHYLHZ VHFWLRQ GLIIHUHQW DFWRUV KDYH GLIIHUHQW
SHUVSHFWLYHV ZKHQ IDFLQJ D JLYHQ VLWXDWLRQ ,W LV SURYHG WKDW
WKHUH DUH DGYDQWDJHV LQ YLHZLQJ WKH VDPH SUREOHP IURP
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 2UJDQL]DWLRQDO SHUVSHFWLYH WKH FULWHULD DUH QHHGHG WR EH
FRQVLGHUHGIURPRULJLQDWLRQV
SHUVSHFWLYHZKLFKDUHDFWLYH
LQ VPDUW JULG GRPDLQ WR GHILQH DGYDQWDJHV DQG
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WR GHILQH DGYDQWDJHV DQG GLVDGYDQWDJHV RI FORXG
FRPSXWLQJ7KLVSHUVSHFWLYHKDVQRWFRQVLGHUHGLQSUHYLRXV
UHVHDUFK 6LQFH WKHUH DUH VRPH VLPLODULWLHV EHWZHHQ
DGRSWLRQ RI SHUVRQDO KHDOWK UHFRUG 3+5 V\VWHP DQG RI
HQGXVHUV
,7V\VWHPWKLVSHUVSHFWLYHDQGLWVHOHPHQWVDUH







7DEOH  LOOXVWUDWHV DOO  SHUVSHFWLYHV DQG DOO WKH FULWHULD
DVVRFLDWHGZLWKHDFKDQGHYHU\SHUVSHFWLYHV7KHFULWHULD DUH
JDWKHUHGIURPGLIIHUHQWFRQWH[WVZKLFKDXWKRUVILQGUHODWHGWR
WKH WRSLF WKH FRQWH[WV VXFK DV SHUYLRXV VLPLODU UHVHDUFK
GLVFXVVHG LQ OLWHUDWXUH UHYLHZ VHFWLRQ VPDUW JULG UHVHDUFK
PHQWLRQHG LQ LQWURGXFWLRQ DQG SUREOHP VWDWHPHQW VHFWLRQV
DQG UHODWHG WHFKQRORJ\ HYDOXDWLRQ OLNH 3+5 )ROORZLQJV DUH
GHVFULSWLRQRIHDFKFULWHULDPHQWLRQHGLQWDEOH
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x 3ULYDF\PLVXVHWKHVKDUHGGDWDIRUDQ\UHDVRQUDWKHUWKDQ
LW VXSSRVHG WR XVHG IRU )RU LQVWDQFH JDLQLQJ EXVLQHVV
DGYDQWDJHVx 6XEMHFW PDWWHU NQRZOHGJH WKH OHYHO RI RUJDQL]DWLRQ
NQRZOHGJH WRGHDOZLWK ,7 V\VWHPVXFKDV LPSOHPHQWLQJ
PDLQWDLQLQJDQGHWFRI,7V\VWHPx &XOWXUH RUJDQL]DWLRQV
 SUHIHUHQFH WR KDYH PRUH FRQWURO
RYHUDOOWKHSURFHVVRUUHGXFLQJEXVLQHVVDQGPDLQWHQDQFH
ULVNE\LQYROYLQJWKLUGSDUWLHVx 6WUDWHJ\ DSSURDFK LQ LPSOHPHQWLQJ WKH ,7 V\VWHP DQG
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FORXGFRPSXWLQJx )DXOWWROHUDQW UHVLOLHQF\ RI FORXG FRPSXWLQJ DJDLQVW
GLVDVWHUVXFKDVDGHTXDF\RIEDFNRIV\VWHPDQGHWFx 3HUIRUPDQFHODWHQF\$YDLODELOLW\WKHDYHUDJHDPRXQWRI
WLPHWKDWFORXGVHUYLFHVDUHQRWDYDLODEOHx ,QWHURSHUDELOLW\ WKH DELOLW\ RI DQ\ FORXG V\VWHP WR
FRPPXQLFDWH H[FKDQJH GDWD ZLWK RWKHU FORXG DQG ,7
V\VWHPRUXVHGDWDx 7HFKQRORJ\ URDGPDS SODQ WKDW PDWFKHV ZLWK VKRUWWHUP
DQG ORQJWHUP GHYHORSPHQW JRDOV RI FORXGFRPSXWLQJ ,Q
RWKHU ZRUGV FORXG FRPSXWLQJ YHQGRUV
 VWUDWHJLHV WR
LPSURYH VWDWXV TXR RI WHFKQRORJ\ DUH LQFOXGHG LQ WKLV
FULWHULD >@ RXWOLQHV WKH NH\ IRUFHV WKDW FRXOG VKDSH WKH
IXWXUHRIWHFKQRORJ\x 7HFKQRORJ\ PDWXULW\ &ORXG FRPSXWLQJ WHFKQRORJ\
UHDGLQHVVOHYHOIRURSHUDWLRQLQGLIIHUHQWHQYLURQPHQW7RS
 REVWDFOHV DQG RSSRUWXQLWLHV RI FORXG FRPSXWLQJ DUH




C. Economical Perspective x 6FDODELOLW\ $ELOLW\ RI V\VWHP WR H[SDQG IRU IXWXUH
GHYHORSPHQWx )OH[LELOLW\$ELOLW\WRILWUHTXLUHGUHVRXUFHVG\QDPLFDOO\,W
LVLPSRUWDQWIRUSD\SHUXVHFORXGx &ORXGVHUYLFHPRGHO,WKDVWKUHHIRUPVLQIUDVWUXFWXUHDVD
VHUYLFH ,DDV SODWIRUP DV D VHUYLFH 3DDV VRIWZDUH DV D
VHUYLFHx &ORXGGHSOR\PHQWPRGHO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 QHWZRUN LV XVHG WR
WUDQVPLVVLRQGDWD LWFORXGEHHLWKHUSXEOLF LQWHUQHWRUDQ\
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DSSOLDQFHVDQGGHYLFHVx &RPSOHPHQWDU\ WHFKQRORJLHV DYDLODELOLW\ DYDLODELOLW\ RI
UHTXLUHGWHFKQRORJ\WRHQDEOHHQGXVHUVWRFRQQHFWDQGXVH
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E. Political Perspective x 3ROLFLHV JRYHUQPHQW SROLFLHV
 WKDW FRXOG VWUHQJWKHQ RU
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FRPSOLDQFH ZLWK 1(5& &,3 VWDQGDUGV WKDW LQVXUH WKH
UHOLDELOLW\RIEXONSRZHUV\VWHPVZRXOGEHDFKDOOHQJHWR






7KH OLWHUDWXUH UHYLHZ VHFWLRQ RI WKLV SDSHU VKRZV WKH
HIIRUWVWRDVVHVVFORXGFRPSXWLQJIRUVPDUWJULGDSSOLFDWLRQV
VWUHQJWKHQ WKHVHFXULW\DQGSURSRVHVDQDUFKLWHFWXUHRIVPDUW
JULG DQG LWV DSSOLFDWLRQV EDVHG RQ FORXG /LWHUDWXUH UHYLHZ
VSHFLDOO\WDEOHUHYHDOVWKHVHOHFWLYHORRNLQWRWKHSUREOHP²
XWLOL]H FORXG FRPSXWLQJ IRU VPDUW JULG DSSOLFDWLRQ ² IURP
GLIIHUHQWSHUVSHFWLYHV,QDGGLWLRQWKHSUREOHPVWDWHPHQWSDUW
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IXQGDPHQWDO QHHG RI VPDUW JULG 7KH SURSRVHG IUDPHZRUN
JDWKHUHGDOOWKHSHUVSHFWLYHVDQGPDSSHGWKHPLQWRFDWHJRULHV
WRHQDEOHGLIIHUHQWDJHQWVWRDVVHVVFORXGVHUYLFHVDQGGHVLJQ
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DGGUHVVHGLQDVHSDUDWHVWXG\/DVWEXWQRWOHDVWWKLVVWXG\KDV
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